A Gram-stain-negative, aerobic, motile, rod-shaped, yellow-pigmented bacterium, designated as DHG40 T , was isolated from a soil sample collected from the forest of Dinghushan Biosphere Reserve, Guangdong Province, China. Strain DHG40 T grew at pH 4.0-8.0 and 10-37 C (optimum at pH 6.0-7.0 and 25-28 C). NaCl inhibited growth at concentrations above 2.5 % (w/v). Phylogenetic analysis based on 16S rRNA gene sequences revealed that the isolate fell within the cluster of the genus Dyella. Strain DHG40 T was closely related to Dyella ginsengisoli et al., 2014). Members of the genus are Gram-stainnegative, aerobic and rod-shaped, having ubiquinone-8 (Q-8) as the respiratory quinone and iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 1 !9c as the major fatty acids. DNA G+C contents for the genus are in the range 62.1-67.0 mol%. In this study, we report the results on the characterization of a forest bacterial strain, DHG40 T , using a polyphasic approach. On the basis of the results from phenotypic, chemotaxonomic and phylogenetic analyses, together with the data from DNA-DNA hybridization experiments, we propose that it should be placed in the genus Dyella as the type strain of a novel species.
The genus Dyella, with Dyella japonica as the type species, was described by Xie & Yokota (2005) . Dyella is closely related to the genera Rhodanobacter, Frateuria and Fulvimonas in the family Xanthomonadaceae, class Gammaproteobacteria, based on 16S rRNA gene sequence data. At the time of writing, the genus consists of 10 species with validly published names: D. japonica (Xie & Yokota, 2005) , D. koreensis , D. kyungheensis (Son et al., 2013) , D. ginsengisoli (Jung et al., 2009) , D. jiangningensis (Zhao et al., 2013) , D. marensis , D. ginsengisoli (Weon et al., 2009) , D. terrae (Weon et al., 2009) , D. thiooxydans (Anandham et al., 2011) and D. jejuensis (Kim et al., 2014) . Members of the genus are Gram-stainnegative, aerobic and rod-shaped, having ubiquinone-8 (Q-8) as the respiratory quinone and iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 1 !9c as the major fatty acids. DNA G+C contents for the genus are in the range 62.1-67.0 mol%. In this study, we report the results on the characterization of a forest bacterial strain, DHG40
T , using a polyphasic approach. On the basis of the results from phenotypic, chemotaxonomic and phylogenetic analyses, together with the data from DNA-DNA hybridization experiments, we propose that it should be placed in the genus Dyella as the type strain of a novel species.
During an investigation on the biodiversity of micro-organisms in forest soil samples collected from Dinghushan Biosphere Reserve, Guangdong Province, China (112 31¢ E 23 10¢ N), a strain designated as DHG40 T was isolated. For isolation, 1/10 TSB medium (per litre distilled water: 0.5 g NaCl, 0.25 g KH 2 PO 4 , 0.25 g glucose, 1.7 g casein peptone and 0.3 g soya peptone, pH 7.0) was used. The soil samples were suspended in and then serially diluted with PBS buffer. Each plate was inoculated with 100 µ of the suspension and incubated at 28 C for week. Once a single colony was obtained, it was subcultured to obtain a pure culture. A strain with yellow pigmentation, designated as DHG40 T , was obtained. It was stored both in 25 % (v/v) glycerol in a freezer at À80 C and in liquid nitrogen. Growth of strain DHG40
T on tryptic soy agar, nutrient agar, R2A agar and MacConkey agar medium was evaluated and the results showed the best growth was achieved on R2A agar at 28 C for 2 days. The isolate was then routinely propagated aerobically under the above conditions for all experiments carried out in this study. were used as the reference organisms in this study and they were grown on the same medium under the same conditions as for DHG40 T .
Gram staining was carried out by using the standard staining protocol. Cell motility was studied by observing the development of turbidity throughout a tube of semi-solid medium (Leifson, 1960) . For morphological studies, strain DHG40 T was observed under a Nikon light microscope (Â1000 magnification) with cells grown on R2A agar for up to 5 days at 28 C. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was detected by using 1 % (w/v) tetramethyl-p-phenylenediamine. Hydrolysis of casein, starch (Brown, 1985) and Tween 80 (Atlas, 1993) was assessed after 3 days of incubation at 28 C. Enzyme activities and other physiological and biochemical characteristics were analysed with API ZYM, API 20 NE and API 50 CHB/E galleries (bioM erieux) according to the manufacturer's instructions. Growth at 4, 10, 20, 25, 28, 33, 37 and 42 C and pH 3.0-10.0 (at 0.5 pH intervals) was assayed by measuring OD 600 of the liquid culture after 3 days of incubation. Phosphoric acid-citrate (for pH 3.0-7.0) and Tris-HCl (for pH 7.5-10.0) were used as buffer systems to adjust the medium to the set pH level. Salt tolerance was tested in R2A broth supplemented with 0-5 % (w/v) NaCl (at 0.5 % intervals) after 3 days of incubation at 28 C.
Strain DHG40
T was Gram-stain-negative, aerobic, rodshaped and motile. After 2 days of growth on R2A agar, colonies were yellow-pigmented, smooth and circular. Growth occurred at pH 4.0-8.0 (optimum pH 6.0-7.0) and 10-37 C (optimum 25-28 C). NaCl inhibited growth at concentrations above 2.5 % (w/v). The physiological characteristics of strain DHG40
T are summarized in the species description and a comparison of selective characteristics with the type strains of closely related species is given in Table 1 .
For the phylogenetic analysis of strain DHG40 T , genomic DNA was extracted with a commercial genomic DNA extraction kit (GeneStar). The 16S rRNA gene was amplified using the universal primers 27F and 1492R (Lane, 1991) . The amplified gene fragment was cloned into pMD18-T vector (TaKaRa) using the TA cloning method. Sequences were determined by Sanger sequencing employing the 3730XL DNA analyser (Applied Biosystems) and the AmpliTaq FS Big Dye terminator cycle sequencing kit (Applied Biosystems). The full-length sequence of the 16S rRNA gene of strain DHG40
T was used as a query against the EzTaxon-e database (Kim et al., 2012) and the sequences of related taxa were retrieved. Multiple alignments were carried out using the CLUSTAL W program (Thompson et al., 1994) . Phylogenetic trees were reconstructed in the MEGA5 program (Tamura et al., 2011) using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution and maximumlikelihood (Felsenstein, 1981) methods, with bootstrap values based on 1000 replications (Felsenstein, 1985) .
Evolutionary distances were calculated using MegAlign software (DNASTAR). DNA-DNA hybridization was performed according to the fluorometric micro-well method (Ezaki et al., 1989) using five replications for each hybridization reaction. The DNA of strain DHG40
T and closely related strains was used as labelled DNA probe for reciprocal hybridization experiments. The optimum hybridization temperature was 47 C. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values (Chang et al., 2008) .
A neighbour-joining tree (Fig. 1) T and D. jejuensis is 2.7, which is higher than that between closely related described species of the genus, such as D. koreensis and D. marensis (1.0). A similar topology was found in the phylogenetic trees reconstructed using the minimum-evolution (Fig. S1 , available in the online Supplementary Material) and maximum-likelihood algorithms (Fig. S2) Stackebrandt & Goebel (1994) , the combined results from the DNA-DNA relatedness and 16S rRNA gene sequence studies suggested that strain DHG40
T represents a novel species in the genus Dyella.
To compare cellular fatty acid composition, strain DHG40 T and the reference strains were grown on R2A agar (pH 7.0) for 2 days at 28 C. Fatty acid methyl esters of strain DHG40 T were obtained from 40 mg of cell mass by saponification, methylation and extraction using minor modifications of the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl esters were separated using the Sherlock Microbial Identification System (MIS) (MIDI, Microbial ID). Quinones were isolated according to the methods of Minnikin et al. (1984) and separated by HPLC (Kroppenstedt, 1982) . The G+C content of the genomic DNA was determined by HPLC analysis of deoxyribonucleosides as described by Mesbah et al. (1989) . Polar lipids were extracted and analysed by two-dimensional TLC according to Minnikin et al. (1984) .
The major fatty acids (>10 %) of strain DHG40
T were iso-C 15 : 0 (15.6 %), iso-C 16 : 0 (15.1 %), iso-C 17 : 0 (12.7 %) and iso-C 17 : 1 !9c (19.0 %), a profile that was comparable to that of other Dyella species (Kim et al., 2014; Weon et al., 2009 ). However, it contained a higher percentage of iso-C 17 : 0 (12.7 %) than that of all reference strains (Table S1 ). The fatty acid profiles of the reference strains obtained from this study were overally similar to those reported in the original papers except for a few discrepancies, such as 9.0 % (this T . Data were obtained from this study except the DNA G+C content of the described species which were from the original studies. +, positive; W, weakly positive; À, negative. Alkaline phosphatase
60.3 62.1 63.8 65.7-66 66.6 study) versus 6.5 % (original) of anteiso-C 15 : 0 for D. ginsengisoli. The discrepances are likely to be due to the difference in cultivation conditions; for example, all strains were grown on R2A agar for 2 days at 28 C in this study while D. ginsengisoli was grown on R2A agar for 2 days at 30 C (Jung et al., 2009 ).
The respiratory quinone of strain DHG40
T was Q-8, in line with all members of the genus Dyella. The DNA G+C content of strain DHG40 T was 60.3 mol%, and repeated analysis consistently showed that this value was correct. The value was slightly lower than that of other described Dyella species (62.1-67.0 mol%) (Kim et al., 2014; Weon et al., 2009) but was still in line with the range expected for members belonging to one genus (Stackebrandt & Liesack, 1993) , which indicated that the range of DNA G+C content of Dyella should be extended to take account of the value obtained in this study. The polar lipid profile of strain DHG40
T comprised phosphatidylethanolamine, phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, an unidentified aminolipid and an unidentified phospholipid (Fig. S3) , which is overally consistent with profiles of other members of the genus Dyella that contain phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, unidentified aminolipids and unidentified phospholipids (Anandham et al., 2011; Kim et al., 2014; Zhao et al., 2013) . The presence of phosphatidylethanolamine distinguished strain DHG40
T from previously described species of the genus Dyella.
Therefore, on the basis of data from the present polyphasic study, the forest soil isolate DHG40
T should be considered to represent a novel species of the genus Dyella, for which the name Dyella humi sp. nov. is proposed.
The type strain, DHG40
T (=KCTC 42629 T =LMG 28842 T ), was isolated from forest soil of Dinghushan Biosphere Reserve, Guangdong Province, China. The DNA G+C content of the type strain is 60.3 mol%.
